Smartphones support gaming, social networking, real-time communication, and individualized experiences. Children and parents often take part in digital experiences with distant friends while isolating themselves from co-present family members. We present MeteorQuest, which is a mobile social game system aimed to bring the family together for location specific game experiences through physical play. The system supports group navigation by mapping screen brightness to the proximity to various ingame targets. Mini-game stages were designed together with interaction designers to encourage physical and social interaction between the players through group puzzles, physical challenges of dexterity and proxemics play. We conducted an exploratory study with three families to gain insights into how families respond to mobile social game features. We studied their socio-spatial arrangements during play and navigation using the lens of proxemics play and provide implications for the design of proxemic interactions and play experiences with families.
INTRODUCTION
With the rise of personal communication technologies such as smartphones, tablets and social media, family members are offered many ways to stay in touch and communicate with each other. However, uniting the family through these technologies is not an easy design case as children and parents are drawn to different applications that are most suited to their individual interests and not focused on supporting family experiences. When the family members retreat into their favorite apps and games, it is less surprising that families may be seen together physically in public, yet each focused on their own corner of the digital world. This isolation in the digital experiences can have negative repercussions for the family with members feeling "alone together" [50] . In light of the concerns for social isolation, some parents wish to monitor and control their children's experience with media and screen time [30] . Aside from directly limiting exposure to digital experiences, there have been increasing examples of games designed to bring players together for rewarding shared experiences. Pokémon Go [35] brought many people out into the world to specific locations, and while players often reflected on the enjoyment of the physical activity involved in walking together, the play was largely an individual activity [43] .
In recent research on intergenerational family entertainment, [8] various strategies for designing technology for the family suggest various techniques that have led to positive social experiences. There have been recent examples of mobile social games attempting to elevate the social experiences through the gameplay [18, 19] and play experiences focused on the physical environment and co-players enabled through innovative uses of the sensors and actuators available in smartphones and other mobile devices [32] . We took inspiration from GlowPhones [32] which utilized smartphones in non-traditional ways to move focus away from the high resolution screen and out into the players' surroundings. That game system encouraged proxemics play with teams of two co-players with findings that suggest simple techniques to encourage social play. In the present paper, we extend the overall concept of GlowPhones and explore design choices that might support intergenerational family play experiences.
To support this agenda, we conducted three design workshops with 13 interaction designers to design game features that focus on activating family interactions. The resulting game involved light based navigation and three minigames supporting a play experience for four players within the family including a mix of parents, children and other family relations and extended families. We conducted exploratory studies with three families in two public parks. The findings from the study are analyzed through the lens of proxemics play and intergenerational interaction, which is synthesized into implications for the design of proxemic interactions and play experiences for families.
RELATED WORK
The research that informs our work involves family communication, location-based social games, proxemics play and low-resolution displays.
Family communication and interaction
Research efforts investigating how technology could improve intra-family relationships and communication has resulted in a multitude of applications focused around the domestic realm. Initially, the majority of research was focused on Computer-Mediated Communication aiming to support geographically distanced family members in their need to stay connected [2, 13, 4] . Apart from typical communication platforms (e.g. Video Conference, Instant Messaging, Social Networking Sites) other examples include remote presence [43, 21] and awareness systems [34, 38, 5] . However, in recent years the research focus has been expanded to include studies that examine the impact of technology on everyday practices of co-located family members. Examples of research conducted in this space include technology to support family collaboration to complete tasks in a household [44] as well as collaborative organization of household routines [42, 7, 31] .
There has also been a significant amount of interest around technologies that could trigger interactions among colocated family members. For example, "TableTalk" [13] is a system that transforms personal devices into a shared display on the table that stimulates conversation, bonding and socialization between family members during mealtime. Also focused on enriching family interaction during meals was a connected tableware system developed by Joi et al. [21] that encourages children to eat their vegetables and at the same time interact and communicate with their parents while playing a game. These two examples both offer an alternative use of smart devices to encourage social interaction between family members during everyday activities.
Another vein of research investigates the role of technology as a catalyst for communication between intergenerational family members through games and digital entertainment. Games have been developed to facilitate family interaction over a distance (e.g. QQFarm [5] , Virtual Box [10] ) as well as for families that live close together (e.g. Age Invaders [12] , Save Amaze Princess [29] , Xtreme Gardener [37] ). Resent research suggest guidelines for designing digital games for intergenerational families [8] which includes: prioritizing physical and mixed-reality games, having a player-centered approach and enabling passive/watching play. Interestingly, physical and mixed reality location based games, even if they have not been developed specifically with families in mind, such as Pokémon Go gained recently significant popularity among children and parents alike [39, 45] .
Location-based games
There are various examples of location-based games that offer examples for design and provide insights into techniques of supporting play in games where the user positioned in outdoor space is tracked in real-time and utilized to progress in the game [45] . Body position within closed spaces has also been explored, relying on the players to orient and position themselves relative to each other in order to explore and progress in the game [25] . More recently, Pokémon Go is an augmented reality game in which players use their mobile devices with typical built-in sensors (e.g. GPS, camera) to navigate a virtual world by moving in the real world [43] . While the actual goal of the game is to capture virtual monsters, some of the reasons that made this game so popular was that it promoted outdoor physical activity, opportunities for social bonding and exploration [39, 45, 35, 1] . Research on collaborative learning and social interactions in alternate reality games [3] suggest the potential to influence the interactions between players in a positive way [48] . However, safety concerns arose with Pokémon Go among parents related to their children walking around focused on their screens without paying attention to their surroundings [43] . This highlights a disconnect between the physical and virtual worlds that can be problematic at times leading to players tuning out the real world while engrossed in the game. Another location-based game aimed to move player focus away from their screen while also using their mobile phones to navigate and engage in physical play in the real world [32] . In that game, GlowPhones, players utilized their mobile phones in the darkness of night as lowresolutions projectors to light up their immediate surroundings for guidance, while the on board Inertial Measurement Unit (IMU), GPS, and other onboard sensors supported collaborative physical and social play in a public forest.
Proxemics Play
In GlowPhones [32] , unique socio-spatial configurations of players were observed and analyzed providing insights into techniques of encouraging proxemics play between two players. Proxemics involves the study of how people manage their interpersonal space [15] . There are four proxemic zones that have been used to identify how the proximity between people is managed based on the social relations and context: intimate zone (within 0.5m) involve touch and generally reserved for intimately related individuals, personal zone (between 0.5 -1.2m) in which close interpersonal exchanges occur, social (between 1.2 -3.6m) is the zone in which much social interactions occur and the public zone (between 3.6 -7.6m). Proxemics play as described by F. Mueller et al. [33] involves designing for play experiences by encouraging players to become aware of, to cross, and to explore different proxemics zones through activities supported by interactive technologies.
Facing formations (F-formations) [23] further examine spatial arrangements and have been used as an analytical lens to describe social behavior. Facing formations are formed whenever two or more people arrange themselves, so that their transactional segments overlap, creating a space in the middle called the o-space [14] . Every F-formation has three distinct spatial domains, o-space, pspace and r-space. The space occupied by the participants is called the p-space and the area outside of the p-space is called the r-space [21] (see Figure 1 ).
Low-resolution displays
Marshall McLuhan's claimed that the "medium is the message" [31] suggesting that the nature of the communication channel influences the reception or understanding of the message communicated. Various research strands have explored low-resolution communication and the ways people adjust and utilize the media. Even single-bit communication tools have been found to be useful in encouraging intimate partners to find rewarding communication [22, 37] . Gaver et al. described various ways in which ambiguity can be used as a resource for design including ambiguity of information [14] In GlowPhones, the low-resolution navigation techniques encouraged players to explore and make sense of the physical surroundings, and also encouraged various spatial configurations as players tried to understand the low-fidelity navigation queues [32] .
DESIGNING A LOCATION-BASED MOBILE SOCIAL GAME FOR FAMILIES
There has been much research on family communication and interaction over a distance as well as co-located interaction supported by mobile technologies. There are also many examples of location-based games that involve socio-spatial configurations integrated into the play experience and techniques for activating proxemics play. In addition, work utilizing ambiguity and low-resolution displays has been used to move focus away from the screen and onto the co-players and their surroundings to support playful exploration of the physical world.
Inspired by research on location-based experiences and a focus on physical interaction design, we developed MeteorQuest, a family oriented mobile social game. Extending the work of GlowPhones [32] , in a MeteorQuest game session, four players are guided through real-world locations, and along their journey, they are faced with minigames they must complete together. Designing and evaluating the game involved five phases, as shown in Figure 2 . Initial ideation and the design direction was informed by theory and lessons learned from the GlowPhones system, especially in respect to the focus on designing for spatial arrangements and proxemics play. Design workshops were used to generate the minigames. Technical development of the mobile game and hardware was completed, followed by a pilot study to prepare for the field tests with families.
Design choices MeteorQuest GlowPhones

Target group Families Friends
Number of players
players 2 players
Narrative Find a meteor and destroy it
Collect space junk in order to launch a rocket
Development of minigames
Design workshops with experts
Based on own ideas
Physical objects/props
Light bulbs, treasure chest, metal plates, glowsticks
Lanterns
Challenge
Adequate Too easy Table 1 . Design choices in MeteorQuest compared to GlowPhones.
Design rationale
Developing the game involved making choices for design based on the overall goal of bringing families together. Table 1 shows the most important design choices compared to GlowPhones, in order to demonstrate the shift of focus in the two studies. Both studies focus on Proxemics Play, Forced Collaboration and Competitiveness in the design of minigames and the overall game experience. The shift of focus from a two-player to a four-player experience is based on the choice of targeting families. While we are aware of the diversity in family configurations, we conducted studies with families consisting of two parents and one or more children. Going through design workshops we chose three minigames to include in the overall game experience. We developed the narrative of the game to fit well within the physical environment and to properly stage the minigames. In GlowPhones, physical props were embedded in the environment (e.g. lanterns) to provide feedback about game progress and to help players identify game stage locations. However, player feedback suggested the lanterns were not utilized as intended, therefore we wanted to explore other physical objects that can be integrated into the play experience. Based on feedback in GlowPhones [32] we focused on raising the difficulty of the game as the previous minigames were too easy (see Table  1 ).
Design workshops
We conducted three design workshops with a total of 13 interaction design practitioners that had experience in the design of physical and social play experiences for children. This expert led design process [20] enabled the rapid development of the game platform and minigames, however, we see potential in engaging the users directly in a co-design process [11] with parents and children [52] as well as other family groupings [28] and across generations [51] . The purpose of these design workshops was to design different minigames that could encourage social interaction between the players. This was achieved by designing the minigames for different F-formations [24] and proxemics zones [33] , since designing for these concepts has the potential to create different social interactions.
As preparation for the sessions we developed six minigames that were shown to the interaction designers. Based on feedback, and our observations during the sessions, we narrowed these six minigames down to the final three, which seem to have the most potential in encouraging social interaction between the players. The design workshops helped us gain insight into how we could design for different F-formations, proxemics zones and how to include other features in order to encourage social interaction even more. Snapshots from the design workshops in Figure 3 show the designers engaged in the workshop activities during the refinement of the three minigames that we used in the field tests
ABOUT THE GAME
MeteorQuest is a location-based mobile social game for families where the players are guided to a real-world location to find a meteor. On their way to that location the players are faced with three minigames they must complete in order to destroy the meteor, before the radioactivity becomes too strong and destroys the area. The overall game concept with the meteor narrative is illustrated in Figure 4 .
Navigation
In between the different minigames, the players must work together to navigate. For that, the players are divided into two roles: communicators and navigators. The communicators are responsible for passing vital information in relation to the game to the other players. Several times during the game experience, the communicators will receive a call with information about the current stage of the game. This information ideally must be passed on to the other players. This means, that the navigators are the only ones that know where the group has to go, and the communicators are the only ones who know what they have to do, making the two roles dependent on each other, in order to complete the game. The rationale behind designing the two roles is based on providing unequal information to the players that enforce collaboration, which has been shown to encourage social interaction [1] . The intention of this design choice is to encourage the players to navigate and explore the game together as a group.
The navigators can navigate using screen glow intensity, which is presented in GlowPhones [32] as a way of navigating with a smartphone device that utilizes low resolution light. The source code from GlowPhones was made available and we used the same logic for the navigation method. As in the previous system, if the screen of the device is oriented towards the ground, the screen glow intensity navigation is activated and if the screen is rotated upwards the screen turns black. The screen glow intensity navigation method utilizes the brightness and color of the smartphone screen to indicate to the player, if they are getting closer or further away from the target, as shown in Figure 5b a green glow signals approaching the target, and red ( Figure 5a ) indicates moving away from the target.
Minigames
The three minigames are now described noting the design focus as well as the F-formations and proxemics zones they are intended to explore. For a summary, please refer to Table 2 . 
Minigame 2: Charge the Battery
Because the players are getting closer to the meteor, the radiation from the meteor is getting stronger, which drains the battery of their protective suits. In order to get closer to the meteor, they have to recharge their batteries. Players must cooperate in two groups of two. Each of these dyads have to share their phones physically by placing their thumbs on the marked areas on the screens of the phones. They must then shake the phones up and down vigorously to charge the virtual battery. This minigame explores a face-to-face F-formation in combination with the intimate and personal proxemics zone. This technique of requiring physical collaboration to charge a battery has been useful in other mobile social games including Hotaru [1] , which required players to collaborate with body movements and gestures.
Minigame 3: Meteor Chest
The players have now reached the final location, and they now need to unlock a chest that destroys the meteor. In front of the players is a chest and a four-pin lock code. Each player is provided with four different images that they can shuffle between by flipping their device. As shown in Figure 6 , players move their phones together in order to recreate the full image showing a number. Through the design workshops, we found that players would often stand apart from each other and would glance across to other players. We wanted to encourage the players to move closer together physically; therefore, the images were blurred until the player moves their mobile device to rest immediately above the meteor chest. This was enabled using the magnetic field sensor of the mobile devices.
The background color of the images corresponds to one of four colored lock tumblers. Re-creating all the four images will give the players the full combination of numbers in order to open the chest and win the game and destroy the meteor. The game explores a small o-space in combination with the intimate and personal proxemic zone.
FIELD TEST
Utilizing MeteorQuest as an experimental game platform, we conducted three game studies with three different families in two public city parks. Data was gathered using smartphone log files, socio-spatial observations, Game Experience Questionnaire (GEQ) ratings, and post-game interviews.
Participants
Three families of four, a total of 12 participants, took part in the study, ranging from 10 years old to 57 years old, consisting of five males and seven female participants. Two of the families included two parents and their two children, while a third included parents, their one child, and niece (cousin of child) as shown in Figure 7 . 
Study sessions
Each of the study sessions lasted approximately one hour: 30 minutes of gameplay, 15 minutes for filling in the GEQ and 15 minutes for the post-game interview. The sessions started when the families met the researchers at the public park, at which point they were introduced to the game concept, narrative, and basic navigation methods. Furthermore, acceptance from the participants to take pictures and record audio was gained shortly after the introduction. Four smartphones with MeteorQuest installed, were then distributed to the players to begin the game. During the game experience, a study facilitator kept close to the group to be available for inquiry and to take pictures. A second study facilitator walked further behind the group and could control the start of the minigames in the case there should occur errors, e.g. to reset the current minigame. Both facilitators observed the players throughout the game sessions with a special focus on spatial arrangements of the participants proxemic zones and occurrences of F-formations. The players were unaware that we were observing spatial behavior.
RESULTS
The game study revealed, that overall, the participants enjoyed the game experience and had a good time playing the game. Although the low-light conditions result in poor image quality, highlights from the games sessions are shown in Figure 8 . We will examine the feedback from GEQ and the open discussions we had we the participants after each game session, in order to shed light on how a game like MeteorQuest can enhance social interaction between family members. Observations during gameplay were analyzed in terms of proxemic configurations of people, technology and physical space. F-formations were used to analyze the social play experience from a spatial perspective, highlighting how players organized themselves during competitive and collaborative play ranging from social to more intimate configurations
Location data
While the participants played the game, we logged their location data to be able to analyze how well the navigation methods worked in relation to game completion and the exploration of the players' surroundings. Figure 9 shows a heatmap of one of the participants playing the game in the city of Randers, Denmark and another participant playing the game in the city of Silkeborg, Denmark. As our goal is to enhance social interaction and examine group dynamics in families, we wanted the participants to navigate together as a group and not individually. For this we divided them into two roles: navigators and communicators as explained in the Game study section, so that they were forced to navigate and explore together. We didn't want to limit their exploration of the game and environment as this was considered an important part of the game experience. We managed to get all the participants to navigate and explore together as a group as intended, which we observed had a positive effect on the interaction between the participants. The communicators were given information by the game about how the navigators where able to navigate, and the navigators would lead and show the way for the communicators. This dependency between the two roles made the groups stay together during navigation and the exploration of the game. As shown in Figure 9 , the participants stayed on the path and we believe there is room for even more exploration of surroundings. For future iterations, focus could be on how to allow for better exploration of surroundings by working on existing navigations methods or even create new ones. 
Game Experience Questionnaire
A summary of the results from the Game Experience Questionnaire will be presented followed by an analysis of the most interesting findings. 
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All the participants seemed to enjoy the game based on the high average score of positive affect (M = 3.58, SD = 0.56) and the low average score of negative affect (M = 0.13, SD = 0.39). This is also reflected in the high average score in flow (M = 2.37, SD = 1.54) and the low average score in annoyance (M = 0.56, SD = 0.73). The participants felt challenged (M = 1.62, SD = 1.19) by the game at levels higher than GlowPhones [32] yet competent (M = 3, SD = 0.84) playing the game, at levels comparable to previous games [34] . Based on these results our design rationale seemed to have worked and our goal of creating joyful social experiences seemed to have been reached. Figure 10 illustrates the average component scores from each module.
As presented in our design rationale we wanted to raise the difficulty of the game, based on feedback in GlowPhones [32] . The "challenge" component scores suggest that players found MeteorQuest challenging -overall challenge scores were higher than in GlowPhones. There is a bigger deviation in scores compared to GlowPhones. Parents generally rated the experience more challenging (M = 2.1, SD = 1.07) than the younger participants (M = 1.1, SD = 1.09). The children generally felt more competent playing the game (M 3.4 =, SD = 0.67) whereas the parents reported lower competence scores (M = 2.6, SD = 0.81).
Social interaction and navigation
The overall game experience consists of a narrative focused on finding and destroying an imaginary meteorite, which involves navigating to key locations and completing the three minigames as a team. To encourage social interaction between the players, each game stage was designed to form certain F-formations and place the players in specific proxemic zones. The following sections will describe the observed behaviors during the game stages. Here, emphasis will be put on findings that influenced the interaction between the participants and how each game stage succeeded in creating the desired F-formations and in utilizing the different proxemic zones.
The navigation and delegation of roles was designed to force communication between the players by providing unequal access to information. Naturally the navigators would lead the way, as illustrated in Figure 5 , with the two communicators walking behind them. Communicators and navigators would converse almost exclusively with each other during navigation, yet would communicate with the whole team when they reached a mini-game stage. We see potential to explore techniques for encouraging communication across the player roles in future work.
Minigame 1: Puzzle Quest
This game was designed to let the players cross and explore different proxemic zones, as suggested by F. Mueller et al. [33] , and have them transition between a large and a small o-space (see Table 2 ).
We managed to have the players start with a distance of 4 meters between them, creating a large o-space, but they were reluctant to leave their position and explore other proxemic zones. This resulted in minimal interaction between the players, and we observed how they easily turned their backs on each other facing the r-space instead of facing each other. The participants would stay at their position for a couple of minutes, before getting frustrated by the lack of progress in the game, before finally taking action and leave their position. We observed how some of the players would gather in a smaller o-space to figure out the puzzle, but still with one or two players staying at their start position. Only at the very end, all the players would leave their position to gather in a smaller o-space, and this was typically when they managed to solve the puzzle. We observed how the transition from a large to a small o-space, public to an intimate proxemic zone, had a positive effect on the social interaction between the players, where they would start to figure out how to complete the game. This is based on the increased communication between the players that occurred as soon as the o-space between them would get smaller.
Even though the game design didn't intuitively transition the players from a large-to a small o-space, they seemed to enjoy the game and they liked the idea about getting unique information as an individual and then solve a task together as a group. When asked afterwards about the game, one of the participants links this experience to her work:
"To me it was the spread of responsibility in the game that was fun, because you can relate it back to your job, where you have to work together and collaborate in order to complete the task at hand."
Minigame 2: Charge the Battery
This game was designed to form face-to-face formations in the intimate zone while challenging the players' cultural Session: Paper Presentation CHI PLAY 2018, October 28-31, 2018, Melbourne, VIC, Australia norms, as suggested by F. Mueller et al [33] , according to normal behavior in a public park (see Table 2 ).
The participants formed the intended F-formations, as illustrated in Figure 13 , and this seemed the most enjoyed minigame, based on the players' reactions while playing it. Overall, they laughed, smiled and started competing against each other vigorously. When asked afterwards, about the game, one of the participants said:
"It was a very good and fun game due to the difficulty level, but also because that it was both a shared and competitive experience"
By a shared and competitive experience, the participant referred to the two groups of two that formed from the group of four. The players in each group of two had to collaborate to move the phone in a steady and coordinated motion, but then competition between these groups would arise quickly and without prompting -the groups competed to charge the battery the faster than the other dyad.
We observed, by challenging the participants cultural norms by having them do silly motions to charge the virtual battery on their screen, that they would naturally start laughing and it would raise the mood of the group. None of the participants were reluctant to do the motions required by the minigame, as they were doing it together with their family, which we believe made them feel less reluctant to do something silly.
Minigame 3: Meteor Chest
This game was designed to keep the players in a small ospace in the intimate zone. Throughout the three game studies, we observed the players of every group showing feelings of both frustration, happiness, relief end enjoyment while playing this game. All the players positioned themselves close to each other during this mini-game, forming a circular F-formation.
Interaction and communication between the participants were observed to be at the highest in this minigame, which might be explained by the significantly small o-space of the formation, resembling an intimate proxemic zone, which is described as a shared space where the players expect interpersonal engagement and intimacy [24] .
Each of the four players used the mobile phone assigned to them as their personal game device. However, we observed behaviors in the game in which players would offer their mobile phone to the wider team -effectively transitioning the smartphone from a private to a shared device. When a phone was placed on the chest in front of them, it suddenly became a shared object, and it was acceptable to move it and control it by the other players. The transformation of the phone from a private to a shared object inherently led the group to interact and communicate with each other.
DISCUSSION
Our aim in this paper has been to highlight how a locationbased mobile social game, drawing on previous experiences from GlowPhones, theories of proxemics play, and sociospatial concepts can bring families together. We want to offer an alternative way for families to socialize, which could prove useful in future research and development of mobile social games. We now discuss key findings in relation to difficulty of the game, shared space and shared display and proxemics play. Furthermore, implications for design will be presented and discussed in relation to relevant literature.
Difficulty of the game
One of the more salient findings of this paper is in relation to the general difficulty of the game. One of the main concerns with GlowPhones was noted in the GEQ analysis and stated in the feedback from participants, that the game was not very challenging [32] . Considering this critical feedback, we worked to develop MeteorQuest so that it would not be too easy nor too difficult [40] . We wanted to ensure that players of all levels would enjoy the game experience. Throughout our game studies, our initial impression was that the game was too difficult, due to the frustrations, which emerged and heated discussions among the families. However, feedback in the post-game interviews showed that the families enjoyed being frustrated from time to time.
"Meteor chest was by far the most challenging game, but this was a good thing" -P3
Manipulation of the mobile phones was something the children generally understood and we noticed in each session, the children of the family would be required to help the parents at least once to understand how to complete a minigame.
Shared space and shared display
During the different stages of the game, families tended to communicate and interact most actively in the last minigame called "Meteor Chest". Players needed to put all their devices close together in order to form a shared display revealing a full image. In the post-game interviews, family members pointed to this game as being the minigame where they had to cooperate the most.
Throughout the minigame we observed how the family members shared the devices between each other. Another study, which has concentrated on bringing families together with the use of technologies in collocated shared settings, is the paper TableTalk [13] . In that study as well as in MeteorQuest, moving the device from the players' own possession and onto a shared space seemed to grant the whole family temporary ownership and access to all of the devices. This highlights the cooperation and sense of togetherness between coplayers. For our case, this was evident in all of the groups but especially for group 3. In that group, all of the family members placed their devices onto a shared space where they immediately began to move and rotate each other's devices.
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Proxemics Play strategies F. Mueller et al. [33] identifies four design strategies for Proxemics Play that can facilitate engaging play experiences. These strategies will now be discussed in relation to some of our key findings. One of those strategies suggests challenging proxemics' cultural norms. In minigame 2, "Charge the Battery", the players have to charge a virtual battery on their screen by facing each other two and two and shake the phone up and down. By challenging the players' cultural norms of normal behavior in a public park, we observed how they enjoyed and engaged themselves in the experience, supporting the claim that challenging cultural norms can be a liberating experience [33] .
Another strategy suggests facilitating bodily movement by supporting the exploration of proxemics zones by making movement within or across proxemic zones engaging [33] . In the same game, "Charge the Battery", we explored this strategy by making the participants do silly motions, while sharing their intimate space with another player. Because the game design put them together two and two, we observed how they would naturally start competing each other, supporting the claim that bodily movement can facilitate emotional experiences.
A third strategy suggests facilitating players' awareness of zones by making the players aware that they can explore these zones freely. In minigame 1, "Puzzle Quest", we had each player go to a certain location, approximately four meters from the other players, where they would unlock a unique sound file. To complete the game, they had to puzzle together their sound files into one understandable message. The game design made the players explore different proxemic zones, by distancing them from each other. After a while, communicating over distance, the players would get frustrated and start exploring other proxemic zones by going closer together. If the players forgot what their part of the message said, we observed how they naturally went back to their unique location to hear it again, thereby feeling free to explore different zones when needed.
The last strategy suggests supporting discovery of proxemics zones' blurry borderlines, where we observed in minigame 3, "Meteor Chest", how this strategy supports engaging play experiences. In "Meteor Chest", each player receives one quarter of an image on their screen, and by holding their phones close together, the full image can be seen. The full image provides a code for the players they have to use to unlock a chest placed in front of them (see Figure 6 ). From the design workshops, we observed how the players were able to predict the full image by looking at their own screen, which diminished the need for them to work together. Therefore, we designed the game to use the magnetic field sensor in the phones to blur the image unless it is placed on a metal object. We placed metal plates on top of the chest in front of them, forcing them to place their phones on the chest to see the image on the screen. By making this design choice, we forced the players to place their phones on a shared object in front of them, also blurring the borderlines between proxemic zones. Normally the phone is considered a private device used by the owner, even when interacting in close proximity to others, yet in this minigame, all the phones were moved and adjusted by the players as desired without regard to who it belonged.
Sensitizing concepts for proxemic interactions
Krogh et al. [27] identifies sensitizing concepts related to socio-spatial configurations of people engaged with colocated people and media. We will discuss our results in relation to two of the most relevant.
In relation to proxemics threshold we found it easy, as technology designers, to change the socio-spatial configurations of the participants while they were playing the game. In each of the game stages, participants readily change their configuration in order to suit the game task. The low threshold observed in MeteorQuest is likely a result of it being a game. This was also described in GlowPhones in relation to players being immersed and engaged in the "magic circle" of the gameworld.
During the game studies, we observed default socio-spatial configurations that emerged when the players would navigate -the players would walk together two and two (see Figure 11 ). This seemed especially stable and even if the group temporarily broke formation if one member stopped or would walk off the path, the two and two formation would soon resume, as evidence of proxemics gravity [27] .
Implications for proxemic interactions
The main contribution of this paper is implications for design that future researchers and designers can use when designing social games for intergenerational families. These implications are derived from fieldwork data from three game studies and will be presented as a list of short descriptions [41] created after an analysis of the gathered fieldwork data. Table 3 gives an overview of these design implications.
CONCLUSION
MeteorQuest is a location-based mobile social game that aims to bring families together in a physical play experience. We showed how designing for Proxemics Play, including f-formations and proxemic zones, could encourage social interaction between intergenerational family members. Three gaming sessions with three different families playing the game were conducted and implications for design are derived from analyzing fieldwork data.
Some possible limitations in our work include the lack of diversity in families playing the game, and that the game studies could have explored more locations as well as more field tests in general. We are aware of these concerns, however, through our studies, we observed recurring patterns of behavior and we provide initial insights to show how a mobile social game can stage proxemics play experiences and bring families together.
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In future work, additional families will be studied including non-traditional family configurations. We also look forward to future studies involving non-family groups including ice breaking events for corporate team-building [16] and entertainment experiences for non-related friends. This work focused on families as a first step, which was helpful in that participants already know each other and feel comfortable engaging in close physical play experiences together and would be able to articulate the experiences they observed of the others in their session based on past knowledge of each other. We intend to offer this system as an open-source platform so that other researchers can quickly author a new game experience in different locations. We are building a catalog of mini-games to make available in the base platform and means for users to create new mini-games. Furthermore, we are working on improvements to the existing navigation methods and the development of other non-traditional ways to use low resolution light or other actuators on the smart phone to design new methods to navigate.
